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[57] ABSTRACT

A method of generating a graphics patiern comprising digital
data defining the color content of pixels of the pattern within
a pattern area at a first, high resolution, comprises defining
(step 21) the color content of “seed” pixels at selected
positions within the pattern area which are to influence the
resultant pattern. The remaining pixels at the first high
resolution are considered as having undefined color content.
Successively lower spatial resolution versions of the pattern
area arc generated in accordance with a predetermined
algorithm which, when sufficient defined pixels exist in the
next higher resolution version neighboring an undefined
pixel, interpolates color data for the corresponding lower
resolution pixel, until all pixels of a lower resolution version
contain defined data (step 25). A version of the pattern area
is generated at the first high resolution and the content of at
least the previously undefined first high resolution pixels 1s
obtained from the lower resolution versions of the pattern
area.

8 Claims, 4 Drawing Sheets
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METHODS AND APPARATUS FOR
GENERATING GRAPHICS PATTERNS
USING PIXEL VALUES FROM A HIGH

RESOLUTION PATTERN

FIELD OF THE INVENTION

The invention relates to methods and apparatus for gen-
erating data defining graphics patterns. For example, the
invention can be used when an image of an object is
“cut-out” and “pasted” upon a different background as for
example in the preparation of catalogue pages and the like.
However, the invention 18 also concerned with the genera-
tion of graphics patterns in general.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a
method of generating a graphics pattern comprising digital
data defining the color content of pixels of the pattern within
a pattern area at a first, high resolution comprises

(a) defining the color content of “seed” pixels at selected
positions within the pattern area which are to influence
the resultant pattern, the remaining pixeis at the first
high resolution being considered as having undefined
color content;

(b) generating successively lower spatial resolution ver-
sions of the pattern area in accordance with a prede-
termined algorithm which, when sufficient defined pix-
els exist in the next higher resolution version
neighboring an undefined pixel, interpolates color data
for the corresponding lower resolution pixel, until all
pixels of a lower resolution version contain defined
data; and

(c) generating a version of the pattern area at the first, high
resolution wherein the content of at least the previously
undefined first high resolution pixels 1s obtained from
the lower resolution versions of the pattern area.

In accordance with a second aspect of the present inven-
tion, apparatus for generating a graphics pattern comprising
digital data defining the color content of pixels of the pattern
within a pattern area at a first, high resolution comprises a
pattern area store for storing data defining the color content
of “seed” pixels at selected positions within the pattern area
which are to influence the resultant pattern; means for
indicating that the remaining pixels at the first high resolu-
tion are considered as having undefined color content; a
pattern pyramid store; and processing means, the processing
means being connected to the stores and being adapted to
operate on the pattern area by generating and storing in the
pyramid store successively lower spatial resolution versions
of the pattern area in accordance with a predetermined
algorithm which, when sufficient defined pixels exist in the
next higher resolution version neighboring an undefined
pixel, interpolate the color data for the corresponding lower
resolution pixel, until all pixels of a lower resolution version
contain defined data, and which, thereafter, generates a
version of the pattern area at the first, high resolution
wherein the content of at least the previously undefined first
high resolution pixeis 1s obtained from the lower resolution
versions of the pattem area.

We have developed a new pattern generating technique
which has a number of different applications. In the simplest
application, new, artificial patterns can be generated from an
array of seed pixels defined by an operator, the method
automatically interpolating the content of the remaining
pixels 1in an efficient and fast manner.
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Various methods may be used to indicate that the non
“seed” pixels are undefined. The simplest approach to be
described in more detail below 1s to code these pixels with
some special value but alternatively a separate mask could
be generated which is referred to during the processing
steps. Such a mask, however, would need to be generated at
each spatial resolution.

Although the invention is applicable to the generation of
monochrome patterns, it is primarily concerned with the
generation of colored patterns so that at each step, each color
component will be operated upon.

As well as being able to generate general synthetic
patterns, the invention 1s particularly useful in the generation
of modified images or image portions. For example, when
generating a catalogue it 1s common to place a large number
of different items or images on a common background. A
straight cut-out of the object often appears unnatural, as the
object appears to cast no shadow. To deal with this, artificial
shadows are created using airbrush tools but this involves
considerable labor and expertise by the operator. Airbrush
tools are used in other applications which 1t would be
desirable to automate.

Thus, preferably the seed pixels are selected from an
existing pattern or 1mage. In this case, the apparatus turther
comprises a monitor; a frame store connected to the monitor
for storing digital data defining the pixels of an image or
image portion to be modified; and an input device connected
to the processing means whereby in use the image or image
portion stored in the frame store is displayed on the monitor
and the operator selects, via the input device, the seed pixels
which are to be used in the process.

The invention is particularly useful for generating shad-
ows and the like around objects within an image or image
portion as well as enabling other features to be inserted into
images.

For example, the tool will enable gaps in a slowly varying
background such as sky where some feature has been
removed to be filled, enables gaps formed by scratches to be
filled, and enables smooth vignettes to be created fitting
through values at target points or on a boundary.

In this application, the method preferably further com-
prises combining selected portions of the original image or
image portion and the generated graphics pattern. This
combining step will typically be carnied out in a conven-
tional manner using a mask or the like although it should be
noted that this mask will not necessarily be the same as that
used to distinguish between seed pixels and non-seed pixels.

As an alternative, this combination step may not be
necessary if the process 1s carried out on the original image
pixel data.

It should also be noted that some or all of the seed pixels
could be defined differently from the pixels which exist in
corresponding spatial positions within the image or image
portion. In the simplest case, existing pixel data could be
modified, for example to boost the black color component
but it is also possible for completely different data to be
ogenerated for the seed pixels.

The 1nvention 1s based on the idea of successively reduc-
ing the resolution of a pattern with “holes” in the data to
gencrate a “pyramid” of versions of the image at increas-
ingly lower resolutions until each ‘“‘hoie” 1s small enough,
typically one pixel wide or high, to enable its content to be
interpolated {rom its neighbors. If sufficient lower resolution
versions are obtained, eventually one will be found in which
all “holes” have been filled. The original higher resolution
holes can then be filled by interpolating data from this lower
resolution version.
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Typically, in step (b) each lower resolution pixel corre-
sponds to four pixels from the next higher resolution ver-
sion. The pixel value is conveniently obtained by averaging
the four higher resolution values since this leads to a
particularly fast operating rate. Where one or more of the
higher resolution pixel values is undefined, averaging is
performed on just the known values.

The regions of seed pixels which are selected by the
operator can comprise solid regions, thin boundaries having
a width of one or two pixels, and isolated points. In addition,
as already mentioned, the color component content of the
seed pixels can be modified. For example, where shadows or
the like are to be generated, the black color component could
be boosted. Of course, other modifications leading to arti-
ficial effects could also be made.

The invention enables effects such as colored shadows to
be generated as well as enabling relatively complex objects
to be provided with a realistic shadow. For example, in the
case of an 1mage of an automobile, where the shadow is
deepest around the tires and not under the body, the operator
can add extra boundary points by defining further selected
regions in the center or at the edge of the area to be provided
with the shadow to influence the resulting shadow.

The varnious image stores could be provided as separate
components or as a single large memory while the process-
ing means will typically be a suitably programmed com-
puter.

The predetermined algorithm applied in step (b) can be
any conventional algorithm for generating lower resolution
images modified to take account of undefined pixel values.
For example the low resolution pixel value could be deter-
mined by a weighted average of the defined values in the
X35 pixel region centered on the corresponding pixel in the
high resolution image. |

The generation of higher resolution versions in step (c)
can also be conventional.

See for example, the methods described by P. J. Burt in
“Multiresolution Image Processing and Analysis™, Springer-
Verlag 1984, pages 613, particularly page 13.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of a method and apparatus according to the
invention will now be described with reference to the
accompanying drawings, in which:

FIG. 1 is a block diagram of the apparatus;

FIG. 2 is a flow diagram illustrating operation of the
apparatus;

FIGS. 3-7 illustrate the processing of an image to gen-
erate a colored shadow:

FIG. 8 illustrates the pixel content of one color component
of a small portion of an image at a high resolution; and

FIGS 9-10 illustrates the same portion as shown in FIG.
8 but at a lower resolution.

EMBODIMENT

The apparatus shown in FIG. 1 includes an address/data
bus shown schematically at 1 to which is connected a frame
store 2 which holds digital data defining the color compo-
nent content (red, green and blue) of an original image. That
image may have been generated in a number of different
ways which are not relevant to the present invention. For
example, 1t could result from combining a number of sepa-
rate images together from different sources. The frame store
2 1s connected via a digital-to-analogue converter 3 to a
monitor 4 to enable the image in the frame store 2 to be
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displayed. The bus 1 is also connected to a processor 5, such
as a suitably programmed computer, and an input device 6
such as a digitising table to enable an operator to control
operation of the processor. In addition, the bus 1 is con-
nected to a number of stores. These comprise a mask store
7 whose function will be described below, and a pyramid
store 10 for storing representations of the original image at
successively lower resolutions.

The example will be described in connection with pro-
viding a colored shadow on an image of a car. The original
image stored in the frame store 2 and displayed on the
monitor 4 is shown in FIG, 3. Initially, therefore the operator
causes the processor 5 via the input device 6 to display the
image in the framestore 2 on the monitor 4 (step 20, FIG. 2).

While viewing the image on the monitor, the operator
defines those areas of the image which are to be filled with
the newly generated graphics pattern. In this example, the
operator will define the area which is to incorporate the
shadow of the car which will be defined by a line 31 (FIG.
4) together with the underside of the car and the wheels. This
area 1s defined in the mask store 7 by a one-bit mask which,
for the masked out pixels will have the value “1” while all
other pixels in the mask store 7 will have the value “0”. This
is defined by step 21 in FIG. 2. The mask is shown by a line
35 in FIG. 6.

The 1mage is also copied at its original high resolution
into a first portion of the pyramid store 10 (step 22) and those
pixels within the region defined by the mask in the store 7
are set to a value which indicates that they are “undefined”.

The operator then selects regions of the displayed image
which are to influence the color and shape of the shadow
(step 23). For example, pixels around the boundary 31 of the
shadow whose thickness (in the plane of the image) will
typically be one or two pixels thick. The operator may also
decide that the colors of the “seed” pixels in this boundary
region need to be adjusted and for example he may decide
to boost the black component by 50%.

Another major influence on the shadow will be the shape
of the car wheels and consequently the operator moves the
cursor around parts of the wheels as shown at 32 and 33 in

FIG. 4. Again, the width and if desired the color of these
boundary regions will be defined.

Finally, the outer body of the car will have some influence
on the shadow and the area which has the prime influence 34
1s outlined by the operator and similar processing steps
repeated.

All the seed pixels in the regions 31-34 are defined at
their appropriate locations in the pyramid store 10 at the
highest resolution as shown in FIG. § while all other pixels
in this high resolution version are set to an ‘“‘undefined”
value. It should be noted that the masked out region of the
image will generally be smaller than the area of undefined
pixels in the pyramid store 10.

In the next stage (step 24) the processor then generates
successively lower resolution versions of the image in the
pyramid store 10 until a version is found in which all pixels
have a valid value. There are several ways in which a
pyramd of 1images can be generated but we have developed
a new, simple method which we have found yields accept-
able results but is rapid to operate. In this example, each
pixel of a low resolution version of the image is computed
by taking the average of the four pixels in the next higher
resolution of the image. If one or more of these higher
resolution pixels is undefined then an average is taken of
only the defined values. This is exemplified in FIGS. 8, 9 and
10. FIG. 8 illustrates a very small portion of a high resolu-
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tion version of the image as stored in the pyramid store 10
for one color component. As can be seen, most of the pixels
are filled with values but certain pixels are undefined as
designated by the “?7”. Here we have added a 2-pixel border

of “?” values to show how we might handie the special

conditions at the edges of the image.

FIG. 9 shows the low resolution pixel values. A pixel
value 40 is given by a weighted average of the defined
values in the corresponding 5x3 pixel high resolution region
41. Using the weights from FIG. 10 we get

(196 X 64 + 196 x40+ 195 X &

+ 197 x40+ 195X 25+195x%x5

+ 197 x 8 + 194 % 5)

(64 +40+8+40+25+5+8+3)
= 196 rounded to the nearest integer,

value

Where none of the high resolution values 42 1s known, the
low resolution value 43 must be marked as unknown. In this
case the pixel has two pairs of defined neighbors, so its value
may be interpolated.

(164 + 187 -+ 78 + 206)/4
134 rounded to the nearest integer.

|

value

Once a lower resolution version of the shadow image has
been generated and stored in the pyramid store 10, the
processor 3, in one example, reviews the pixels defining that
image to see whether all the pixels are valid. (Step 25) If
there are still undefined pixels, processing returns to step 24
and the next lower resolution version is generated. If,
however, all the pixels are valid a final, high resolution
shadow image is generated (steps 26 and 27).

Alternatively, sufficient lower resolution versions are

obtained to be certain that there could not be any undefined
pixels left.

The final shadow image 1s generated in the following
manner (steps 26, 27). For each pixel in the final shadow
image which corresponds to a valid, defined pixel in the
original high resolution version of the shadow 1mage 1in the
pyramid store 10, the same value 1s stored. Thus, if FIG. 8
represents the original high resolution version of the shadow
image, then in the final version of the shadow image, the
pixel corresponding to pixel 44 will store the value 181 for
that color component. Where the original high resolution
pixel 1s undefined (for example pixels in the region 42) then
a value 1is obtained by performing an interpolation based on
the nearest lower resolution pixels. Typically, the interpola-
tion will be as described in the reference defined above.

The result of this process is a final, high resolution
shadow image as shown schematically in FIG. 6. As can be
seen, pixel values are present throughout the shadow image
although there is a concentration in a particular gradation of
pixels within the area defined by the original masking
Process.

The processor then combines the high resolution shadow
image in the pyramid store 10 with the 1image in the frame
store 2 under the control of the mask in the store 7 1n a
conventional manner to produce a final image (step 28). This
final image is shown in FIG. 7. The combination could be a
permanent adjustment to the values in the frame store 2 or
a temporary combination without storage using a method
such as described in EP-A-0344976. In any event, the final
combined image is eventually stored in the framestore 2.
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6

The combination of the two images if controlled by a
binary mask will involve the simple replacement of those
pixels in the original image which underlie the shadow
image within the mask 335 by the shadow pixels. If a soft
mask 18 used then a more complex linear interpolation
algorithm based upon the masked values would be used.

I claim:

1. A method of generating a graphics pattern comprising
digital data defining the color content of pixels of the pattern
within a pattern area at a first, high resolution, the method

comprising |
(a) defining the color content of first pixels at selected
positions within said pattern area which are to influence
a resultant pattern, all pixels in said pattern area at said
first high resolution other than said first pixels being
considered as having undefined color content;

(b) generating successively lower spatial resolution ver-
sions of said pattern area in accordance with a prede-
termined algorithm which, when a predetermined num-
ber of defined pixels exist in a next higher resolution
version neighboring an undefined pixel, interpolates
color data for the corresponding lower resolution pixel,
until all pixels of a lower resolution version contain
defined data; and

(c) generating a version of said paitern area at said first,
high resolution wherein the content of at least the
previously undefined first high resolution pixels is
obtained from said lower resolution versions of said
pattern area.

2. A method according to claim 1, wherein said first pixels

are selected from an existing pattern or image.

3. A method according to claim 1, further comprising
combining selected portions of an original image or image
portion and said generated graphics pattern.

4. A method according to claim 1, wherein the method
generates a shadow around an object within an image or
image portion.

5. A method according to claim 1, wherein in step (b) each
lower resolution pixel corresponds to four pixels from said
next higher resolution version.

6. A method according to claim 5, wherein a pixel value
is conveniently obtained by averaging said four higher
resolution values.

7. Apparatus for generating a graphics pattern comprising
digital data defining the color content of pixels of said
pattern within a pattern area at a first, high resolution, said
apparatus comprising a pattern area store for storing data
defining the color conient of first pixels at selected positions
within said pattern area which are to infiuence a resultant
pattern; means for indicating that all pixels in said pattern
area at said first high resolution other than said first pixels
are considered as having undefined color content; a pattern
pyramid store; and processing means, said processing means
being connected to said pattern area store and said pyramid
store and being adapted to operate on said patiern area by
generating and storing in pyramid store successively lower
spatial resolution versions of the paitern area 1in accordance
with a predetermined algorithm which, when a predeter-
mined number of defined pixels exist in a next higher
resolution version neighboring an undefined pixel, interpo-
lates the color data for a corresponding lower resolution
pixel, until all pixels of a lower resolution version contain
defined data, and which, thereafter, generates a version of
said pattern area at said first, high resolution wherein the
content of at least said previously undefined first high
resolution pixels is obtained from said lower resolution
versions of said patiern area.
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8. Apparatus according to claim 7, further comprising a in said frame store is displayed on the monitor and an
monitor, a frame store connected to said monitor for storing operator selects, via said input device, said first pixels which
digital data defining pixels of an image or image portion to are to be used in the process.

be modified; and an input device connected to said process-

ing means whereby in use said image or image potion stored I I I
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